Aim We describe current interisland similarities of endemic faunas, and elucidate the significance of historical factors and environmental ones in determining the pattern found.
INTRODUCTION
made consisting of 568 species and subspecies (Pons & Palmer, We investigated the endemic fauna of the six major islands of the Balearics. This is the most isolated archipelago in the DATA ANALYSIS Western Mediterranean. Two separate subarchipelagos are Our study focuses on the relationships between the endemic usually recognized within the Balearics (Pityusic and Gymnesic fauna and some independent variables. Therefore, a multiple Islands, Fig. 1 ). First, a list of all possible endemic species was regression model is used. The dependent variable is defined by the matrix of similarities between all island pairs (ENDEMIC).
Inter-islands similarities are determined by the difference (observed -expected) number of species co-occurrences. Expected co-occurrences are obtained by a randomization procedure (ISLDRAND, Manly, 1995) that switches rows and columns of the observed presence-absence matrix (i.e. fixing marginal totals). We use such an unconventional measurement because other similarity indices seems to depend on sample size and diversity (Wolda, 1981) . The index used here seems to be size and area-independent (Appendix 1). Manly (1995) also provides a test statistic for identifying items with unusual patterns of co-occurrences. ISLDRAND allows up to 160 species. To circumvent such a constraint, we have included in the analysis (1) the species present in more than one island (73) and (2) 10 successive random samples of 160 species (70%).
Figure 1 Location of the Balearic Archipelago in the Western
We tested the association between the endemic faunal Mediterranean. Note that Eivissa is the Catalan name for the Island called Ibiza in Spanish.
similarity and some independent variables. The first, TIME, Million years (ln-transformed) since the last land connection fauna is not distance-dependent for the opposite reason: all interislands distances are effective geographical barriers. After between islands pairs as an estimation of the shared history of those island pairs (based on Busack, 1986; successive deletions of collinear variables, the multivariate model used for testing the historical and environmental effects 1987; Oosterbroek & Arntzen, 1992; Beerli et al., 1996) . Geographical distance, in km (ln-transformed) is the second on endemic fauna is composed by TIME and BIRDS. Permute! computes multiple regression coefficients of the independent independent variable considered (DISTANCE). Shared degree of vegetation types constitutes the third independent variable variables. It permutes at random columns and rows of the original dependent matrix, recomputing the regression (VEGETATION). Specification of vegetation communities is based on plant associations, i.e. vegetation communities coefficients k times, where k is the number of permutations (10,000). harboring some characteristic species, with comparable landscape settings and with comparable habitats belong to the same association (Folch, 1982) . Similar specifications are used RESULTS to assess environmental factors which determine vertebrate species' distributions (e.g. Romero & Real, 1996) . Presence and A complete list of all 230 endemic species included in the analysis after reducing the original larger list is found in Table 2 . absence of associations throughout the six Balearic islands are based on Folch (1982) , updated by Bibiloni (personal Of the species, 157 (68%) inhabit a single island. The remaining seventy-three (32%) are distributed among two to six islands. communication). There are eighty-one associations in the Balearics (ranging from sixty-nine in Mallorca to nine in sa
The pattern of species co-occurrences departs significantly from the usually expected. Probability values are highly significant Dragonera). Similarity among island pairs was measured by the same (observed -expected) number of species co-occurrences.
for all the six islands (Table 3) . Such departures are related to differences between the Gymnesic Islands (Mallorca, Menorca, Similarly, this procedure was repeated using breeding bird communities (BIRDS). The presence or absence of currently Cabrera and sa Dragonera) and the Pityusic Islands (Eivissa and Formentera). There are only seventeen endemic species breeding birds on the six islands is based on Muntaner (1984) updated by Avellà et al. (1997 ninety-five endemic species can be found on seashores (thirtyfour of which are specific). The endemic fauna from shrublands correlated, and BIRDS is preferred as environmental estimator because it is clearly independent of historical effects (P =0.105;
(both Olea and Rosmarinus-shrubland) seems to be composed of generalist species (ninety) since only three are exclusive to Table 1 ). Considering DISTANCE, the pattern for breeding birds suggests that colonization is not distance-dependent shrublands.
The main finding presented here is the result of bivariate because off the small scale of interisland distances. Endemic regression. The dependent variable (i.e. endemic fauna similarities) is significantly correlated with historical factors (i.e. the first independent variable). Partial coefficient (b) for Table 1 Correlation between independent variables. Probability TIME differs significantly from b=0 in all the tests performed values of univariate Mantel tests based on 10,000 iterations.
( It is important to emphasize that BIRDS (now as dependent Table 2 Endemic species of the Balearic Islands. Presence and absence from the two subarchipelagos (Gymnesic Islands and Pityusic Islands) are indicated. Mallorca (Ma), Menorca (Me), Cabrera (Ca), sa Dragonera (Dr), Eivissa (Ei) and Formentera (Fo). (Table 1) . Moreover, environmental variables do different from the present ones. The differences were not small changes in plant species composition, but they suggest not show significant clustering among the Gymnesic and the Pityusic subarchipelagos (Table 5 ). There is, however, a trend that some currently relict vegetation types could have been more widely distributed in the past (Pérez-Obiol et al., 1996) . of tiny islands (Cabrera and sa Dragonera) for displaying a more similar than expected set of vegetation types (Table 5) .
Conversely, ever-green oak woods (currently presumed to be the climax vegetation) could have been little developed or This fact could be explained by increased relative importance of littoral habitats in tiny islands (Wiggins & Møller, 1996) . absent at the Holocene (Yll et al., 1994) . Unfortunately, there are no palynological data from the Pityusic Islands. The significant departure from the expected pattern of cooccurences for breeding birds from Formentera (Table 5) is However, the vertebrate fossil record from upper Pleistocene and early Holocene allows us to conclude that the not related to differences among the Gymnesics and the Pityusics. The departure among Formentera and Eivissa (forty palaeoenvironment of the Pityusic Islands was very different Low dispersal capability of endemic species explains the persistence of between subarchipelagos (i.e. Pityusic and Gymnesic Islands) differences. In contrast, similarity based on bird presence or absence is not correlated with palaeofrom that of the Gymnesic Islands. Evidence emerges from the fossil record of mammals and birds (Alcover et al., 1981;  geographic relationships. The composition of bird fauna (and of other well-dispersed organisms) on individual island seems Alcover et al., 1994) . According to the mammal fossil record, the Gymnesic Islands were inhabited by three land mammals to covary with environmental changes brought about by local extinctions and colonizations by another set of species (e.g. including Myotragus balearicus Bate (Artiodactyla, Caprinae). Such a dwarf caprine was endemic to the Gymnesics, but Lugo, 1988; Pons & Palmer, 1999) . The data presented here underline the importance of absent from the Pityusics. M. balearicus displays a number of apomorphies considered as adaptations to island environknowing the past when interpreting a contemporary fauna, its affinities and the key factors determining its maintenance. Past ments achieved in the absence of carnivorous mammals (e.g. ever-growing incisors and shortened legs). Bovids are not events could be critical when islands and endemic species are involved. Conservation programs should be in accordance with common components of islands biotas, and M. balearicus must be considered, sensu Power et al. (1996) , a key history as well as present environments. species shaping the environment in the Gymnesic prehuman ecosystems (Delvosalle & Duvigneaud, 1967; Schüle, 1993; Alcover et al., 1999; Seguí & Alcover, in press Traveset. We are specially indebted to all taxonomists early Holocene were structured in very different ways. On mentioned in Pons & Palmer (1996) . We are grateful to the Eivissa, e.g. Anseriformes were the most important middleLaboratoire d'Entomologie of the MNHN (Paris), the sized grazers and sea eagles were the top predators (Seguí IMEDEA-CSIC (Palma de Mallorca) , and to the CICYT (Spain; & Alcover, in press). Bird communities are usually correlated AMB96-0843 and PB97-1173 research projects) and the with vegetation (Cody, 1985; Welsh & Lougheed, 1996) . DGICYT (Spain; FPI-Ext. grant to M. Palmer) for its financial Based on the fact that the bird and mammal communities support. from the Gymnesic and Pityusic Islands were different during the upper Pleistocene and early Holocene, a difference in the past vegetation (and in the past environment) of these REFERENCES islands should be inferred.
The scenario shown by these palaeontological data suggests Table 6 ). The negative effect of human- balearicus Lam. woods (Pérez-Obiol et al., 1996) (Cneoraceae) seems to have been dispersed only by lizards Appendix 1 A number of similarity indices for presence/absence data are revised by Wolda (1981) demonstrating that diversity and sample size can affect them. Species number and diversity are constrained on islands. Accordingly, we use an unconventional measure of interisland similarity that seems area-independent (i.e. independent of the species numbers displayed by the island pair under comparison). The measurement is simply the (observed-expected) co-occurrences. Pair wise expected co-occurrences is provided by a generalized Monte Carlo testing procedure (Manly, 1995) . Marginal totals (both species abundance and species number in each island) are fixed following Manly (1995) and Real & Vargas (1996) . Here, we test the behaviour of the similarity measurement used in a number of scenarios.
1. We follow Wolda (1981) for testing sample size effect. An hypothetical fauna distributed adjusted to a log series is used in the analyses. This fauna has 100,000 individuals and 150 species (alpha=17.3). Four random samples of different size are taken without replacement (2000, 1000, 500 and 250 individuals) with five replicates for each. Mean species number for each of the four sample sizes are 93.0, 82.1, 70.0, and 54.8 ISLDRAND (Manly, 1995) provides the pairwise expected number of co-occurrences used for determining the index under testing. An squared 20 * 20 (four samples sizes by five replicates) symmetric matrix of pairwise (observed-expected) number of co-occurrences is obtained. Multidimensional scaling (SYSTAT 5; Wilkinson, 1992) to one dimension is used for obtaining a single value for each of the twenty items. Oneway ANOVA of these values is the final output detailed below.
ANALYSIS OF VARIANCE Source
Sum-of-squares DF Mean-square F-ratio P Differences between size categories are clearly not significant. Similar output using Jaccard index (Jaccard, 1908) has been added for comparative purposes. In the case of using Jaccard index, smaller samples tend to display smaller similarity.
2. Diversity effects have been tested by a similar procedure. Three faunas with the same 150 species, with the same rank of species abundances, and distributed adjusted to a log series are used in the analyses. These faunas have 10 Differences between samples extracted from the three faunas are clearly not significant. Using Jaccard index, samples with smaller diversity tend to display smaller similarity.
3. Looking for Type II errors, two faunas with the same diversity (150 species and 1000 individuals; alfa=48.9), distributed adjusted to a log series are used in the analyses. These two faunas displayed the same 150 species, but different (at random) rank of species abundance. Our purpose is to test the capability of the index for detecting differences among similar faunas. Following the same procedure described above, differences among faunas are significant using the index under testing. Notice the extreme conditions of high similarity among faunas, high diversity and small sample size (ten replicates of only twenty-five individuals from each of the two faunas). However, the index failed in finding significant differences among the two faunas with tiny sample sizes (n < 10 individuals).
ANALYSIS OF VARIANCE
Source Sum-of-squares DF Mean-square F-ratio P The results clearly show that the index under testing is not dependent of the number of species. Contrasting, Jaccard index is size-dependent.
5. We also test the effect of species number with a data set showing nestedness (Lomolino, 1996) . The data are presences-absences of tenebrionid beetles on fourteen islets at the Cabrera Archipelago (Balearic Islands, Western Mediterranean; Palmer & Petitpierre, 1993) . As in the cases above, ISLDRAND provides the pairwise expected number of co-occurrences used for determining the index under testing (i.e.
(observed-expected) number of co-occurrences). An squared 14 * 14 (fourteen islands), symmetric matrix of all pairwise indices is obtained. Multidimensional scaling (SYSTAT) to one dimension allows to obtain a single value for each of the fourteen islands. Regression of these values on the number of species on each island is the final output displayed below. 
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